Phenolic derivatives such as quinones, acid-phenols and flavonoids were successfully isolated from a n-butanolic fraction of Senecio giganteus Desf. (Asteraceae) flowers, namely jacaranone (1), 3a-hydroxy-3,3a,7,7a-tetrahydrobenzofuran-2,6-dione (2), chlorogenic acid (3) (7), and isorhamnetin-3-O-β-D-glucuronide-6''-methyl ester (8). These compounds were purified through either classical polyamide filtration followed by fractionation on Si gel, or through fast centrifugal partition chromatography (FCPC). Using FCPC, the major compounds could be readily isolated from the crude n-butanolic fraction. Compounds 1-8 were identified by means of spectroscopic and spectrometric analysis (UV, 1 H, 13 C and 2D NMR, and MS). This work described for the first time the phytochemical composition of this endemic Algerian plant.
In continuation of our previous investigations of Algerian Asteraceaeous species [1] [2] [3] [4] [5] [6] , we embarked upon a phytochemical study of Senecio giganteus Desf. This is an endemic herb growing in North Africa, in Marocco, Algeria and Tunisia. Though the genus is known to biosynthesize pyrrolizidines, sesqui-, di-and triterpenoids, flavonoids, phenolic acids and quinones [7] [8] [9] [10] , there is no report on previous phytochemical study of S. giganteus.
The dried flowers of S. giganteus were successively extracted with different solvents of increasing polarity to give, after partition between EtOAc and water, then between water and n-butanol, 40 g of a n-butanol fraction.
Compounds 1-8 ( Figure 1 ) were isolated after filtration on polyamide of the n-butanol fraction, followed either by Si gel chromatography or by centrifugal partition chromatography (CPC). The compounds were then identified through spectroscopic and spectrometric analysis (UV, 1 H, 13 C and 2D NMR, and MS), as well as by comparison with literature data, as two quinones already described for the genus, jacaranone (1) [11] , and its lactone derivative, 3a-hydroxy-3,3a,7,7atetrahydrobenzofuran-2,6-dione (2) [12] , 5-Ocaffeoyl quinic acid or chlorogenic acid (3) [13, 14] , quercetin 3-O-β-D-galactopyranoside or hyperoside (4) [15] , quercetin 3-O-β-D-robinobioside (5) [15, 16] , isorhamnetin-3-O-β-D-glucuronide (6) [17, 18] , quercetin-3-O-β-D-glucuronide (7) [17, 19] , and isorhamnetin-3-O-β-D-glucuronide-6''-methyl ester (8) . This new product (8) is most probably an isolation artefact from 6 [20, 21] .
The potential efficacy of fast centrifugal partition chromatography (FCPC) was then evaluated for its ability to isolate directly the major compounds from the n-butanolic fraction of S. giganteus flowers. CPC is a countercurrent chromatographic method which was developed in the early 1960s by Ito [22] . This support-free liquid-liquid technique relies on the partition of the analytes between the phases of an equilibrated biphasic solvent system. As a countercurrent chromatography (CCC) method, CPC benefits from major advantages compared with traditional solid-liquid separation techniques: no irreversible adsorption occurs and all injected sample is recovered; the risk of sample denaturation is low; and tailing phenomena are minimized. Moreover CPC in the elution mode is quite a good alternative to preparative HPLC due to the infinite number of biphasic systems available [23] . CPC is appropriate for the isolation and purification of bioactive natural products in quantities sufficient for their biological evaluation [24] . Successful separation by this method then depends on the selection of suitable two-phase solvent systems that will provide an ideal range of partition coefficients (K) associated with target compounds. The FCPC is characterized by a very good retention of the stationary phase, which allows high flow-rates. Thus analysis times are shorter and a good efficiency is obtained when using adequate rotational speed (around 1000-2000 rpm) and appropriate flow rate (5 to 20 mL/min) [25] .
Isorhamnetin-3-O-β-D-glucuronide (6), along with 2-5 and 7, represent the major products in the n-butanol fraction. Prior to the FCPC purification process, various biphasic combinations of solvents were considered. The calculated K values of these systems are summarized in Table 1 . Our attention was focused on the purification of 6. When n-butanol/water mixtures were tested as two-phase solvent systems, the partition coefficients (K) were too high to recover 6 from the S. giganteus n-butanol extract. Ethyl acetate-acetonitrile-water (5:1:4) [26] , which showed appropriate K values to separate isorhamnetin-3-O-β-D-glucuronide (6) from minor products, was chosen for our CPC run.
In this way, starting with 2 g of the n-butanol fraction, isorhamnetin-3-O-β-D-glucuronide (6) (140 mg) was obtained along with 3a-hydroxy-3,3a,7,7a-tetrahydrobenzofuran-2,6-dione (2) (81 mg), chlorogenic acid (3) (86 mg) and quercetin 3-Oβ-D-robinobioside (5) (61 mg) in purities of 94, 85, 85 and 93 %, respectively.
In an ongoing project directed toward the discovery of novel plant based extracts or pure natural products as useful therapeutics or dietary ingredients against vascular dysfunction, some of the secondary metabolites of S. giganteus flowers were tested for their anti-AGEs activities [27] [28] [29] . Indeed, in biological system, a complex cascade of reactions involving reducing sugars and proteins leads to a multitude of degradation products more commonly known as advanced glycation end-products (AGEs). In most cases, AGEs resulted from protein cross-links leading to structural and functional changes [30] . For example, the accumulation of AGEs can contribute to the pathogenesis of diabetes, neurological diseases and vascular disorders. They also play a major role in aging [31] . So AGEs Phytochemical study of Senecio giganteus Natural Product Communications Vol. 4 (10) 2009 1359 inhibitors and/or breakers (AGEIB) may be considered as potential therapeutic agents, but can also be used for the formulation of new food supplements or cosmetics innovation. The formation of total AGEs was assessed by monitoring the production of fluorescent products at excitation and emission maxima of 370 and 440 nm, respectively, as previously explained [27] . In our conditions (3.10 -3 M), the reference compound aminoguanidine induced 50% inhibition of AGEs formation, whereas for quercetin derivatives, i.e. hyperoside (4) and quercetin 3-O-β-D-robinobioside (5), only 1% of AGEs were found. Even the well-known antioxidant chlorogenic acid (3) [32] was not as efficient (49%).
In conclusion, this first phytochemical study of S. giganteus flowers allowed the identification of two quinones, one acid-phenol and five flavonoids in the n-butanol extract. Among them, the major compound, isorhamnetin-3-O-β-D-glucuronide (6), was directly isolated by FCPC, using ethyl acetate-acetonitrilewater (5:1:4) as the two-phase solvent system. Minor products such as 3a-hydroxy-3,3a,7,7atetrahydrobenzofuran-2,6-dione, chlorogenic acid and quercetin 3-O-β-D-robinobioside were also purified using the same process. Using similar procedures, apolar extracts of this species will also be studied. Apparatus: CPC was performed using a fast centrifugal partition chromatograph FCPC 200 (Kromaton, Angers, France). The total volume of the cell is 275 mL. A valve incorporated in the CPC apparatus allows operation of either descending or ascending mode. The system is equipped with a gradient pump, a UV/vis detector, a rheodyne valve with a 10 mL sample loop and a fraction collector (Kromaton). HPLC analysis were performed on an Agilent HP 1100 series separation module consisting of a pumping system, a vacuum degasser and a DAD detector and assisted by the ChemStation for LC 3D software (Agilent Technologies, Massy, France). A 10-50 µL sample was directly injected onto a Lichrospher 100 RP18 column (150 x 4.6 mm, 5 µm, Agilent Technologies) using a gradient acidic water/MeOH solvent system. The mobile phase was as follows: Water (HCOOH-0.1%)/MeOH (75:25 v/v to 20:80 v/v at 35 min). The flow rate was 1 mL/min with UV detection at 254 nm.
Experimental

Preparation of crude sample from flowers of Senecio giganteus and pre-fractionation:
The dried flowers (800 g) were extracted three times with n-hexane (5 L), three times with dichloromethane (5 L) and three times with a methanol-water 7:3 mixture (10 L) to afford, respectively 12 g of C 6 H 12 extract, 9 g of CH 2 Cl 2 extract and an hydromethanolic extract. The later was concentrated under vacuum and extracted three times with AcOEt (5 L) to give 20 g of AcOEt extract. The aqueous phase was finally extracted five times with n-butanol (10 L) to afford 40 g of extract, which was stored in a fridge before use.
Of this polar extract, 16 g was applied to a column of polyamide NM SC6 and eluted with a gradient of toluene-methanol with an increasing polarity to afford 19 fractions from 15 mg to 2.072 g. Fraction 3 (F3) (225 mg) was purified by chromatography on silica gel (CH 2 Cl 2 -AcOEt 9:1) and by prep. TLC (CH 2 Cl 2 -AcOEt 8:2) to afford jacaranone (1) (8 mg).
Preparation of two-phase solvent systems and partition coefficients (K) determination:
The twophase solvent system was selected according to the partition coefficients (K) of each product. This was determined by HPLC analysis. Approximately 1 mg of the extract requiring purification was dissolved in a mixture of 1 mL of each phase. After the test tube has been shaken vigorously, 200 µL of the upper phase and of the lower phase were dried. The residue was solubilised in a 1:1 (v/v) mixture MeOH-H 2 O and analyzed by HPLC to obtain the partition coefficient of each product. The K value was expressed as the peak area of each product in the upper phase divided by that in the lower phase.
CPC separation procedures:
Upper and lower phases of the appropriate two-phase solvent system were separated in a separating funnel. The column was first filled with the stationary phase and then rotated at 900 rpm while the mobile phase was pumped into the column in either ascending or descending mode, as appropriate, at the flow-rate used for the separation (10 mL/min). When the mobile phase emerged from the CPC, equilibrium was reached. The sample (500 mg to 1 g) dissolved in a 1:1 (v/v) mixture of each phase was injected through the Rheodyne injection valve. UV detection was performed at 210, 254, 280 and 350 nm from the outlet column, and 10 mL fractions were collected.
Purification of the major fractions after polyamide pre-fractionation, F6 (300 mg), F13 (630 mg), F14 (814 mg) and F15 (1000 and 932 mg) were performed using CPC in ascending mode. Ethyl acetate-ethanol-water (2:1:2) as two-phase solvent systems allowed the separation of 3a-hydroxy-3,3a,7,7a-tetrahydrobenzofuran-2,6-dione (2) (53 mg) from F6. F13 was purified with ethyl acetateacetonitrile-water (3:2:5) as biphasic system to afford 5-O-caffeoyl quinic acid (3) Purification of the n-butanolic extract (2 × 1 g) of S. giganteus flowers, via CPC in ascending mode, without pre-fractionation, using ethyl acetateacetonitrile-water (5:1:4) as the two-phase solvent system, afforded 6 (140 mg), 2 (81 mg), 3 (86 mg), and 5 (61 mg).
The identity of compounds 1-7 was confirmed on the basis of UV, ESI-MS, and 1 H and 13 C NMR spectra in comparison with literature data [11] [12] [13] [14] [15] [16] [17] [18] [19] . 
Isorhamnetin
AGEs measurement:
The assay involved incubating BSA (10 mg/mL) with D-ribose (0.5 M) and the Phytochemical study of Senecio giganteus Natural Product Communications Vol. 4 (10) 2009 1361 tested compound (3.10 -3 M) in a phosphate buffer, 50 mM, pH 7.4 (NaN 3 0.02%). Solutions (100 µL) were incubated in 96-well microtitre plates at 37°C for 24 h in a closed system before AGEs fluorescence measurement. To avoid quenching phenomena, the fluorescence resulting from the incubation, under the same conditions of BSA (10 mg/mL) and the tested compound (3.10 -3 M), was subtracted for each measurement. Tests were performed in triplicate. A negative control, i.e. 100% inhibition of AGEs formation, consisted of wells with only BSA. A positive control, i.e. no inhibition of AGEs formation, consisted of wells with BSA (10 mg/mL) and Dribose (0.5 M). The final volume assay was 100 µL. AGEs fluorescence (λ exc 370 nm; λ em 440 nm) was measured using a microplate spectrofluorometer Infinite M200 (Tecan, Lyon, France) and Magellan (Tecan) software.
